The pyrocatecols, lignin oligomers and di-tert-butylhydroxy toluene are found in some LSF and considered to have a strong anti-oxidative effect. 8) On the other hand, fish is a major muscle protein source with ahigh content ofminerals and polyunsaturated fatty acids, particularly n-3 fatty acids . However, both these factors accelerate the lipid peroxidation , resultin i n organoleptic changes and reducing shelf life. Furthermore, some of the peroxidative products such as malonaldehyde (MD) and 4-hydroxy-2E-hexenal (HHE) , are cytotoxic , mutagenic, and carcinogenic.10) In addition, aldehydes react with some amino acids , such as lysine and arginine of proteins to form protein carbonyls (CP) resulting in further nutritional loses . [10] [11] [12] [13] In a food hygienic point of view, it is necessary to prevent or reduce the pace of lipid peroxidation to extend the shelf life of fishery products while preventing nutritional losses.
On the other hand, consumers prefer products containing natural substances such as LSF, to chemicals as shelf life extenders. In this context, we investigated MD, HHE, and CP in smoked salmon and wood vinegar treated fish meat.
MATERIAL AND METHODS

Materials
The 1,3-diethyl-2-thiobarbituric acid (DETBA) was purchased from Aldrich Chemical Co. Inc. Butyl hydroxytoluene (BHT) was from Tokyo Kasei Kogyo Co. Ltd., Japan. All the other chemicals were of either HPLC grade or the purest grade available. The commercial wood vinegar was from the Banyu Co. The cherry wood vinegar was prepared by the method of Matsui et al.14)
Preparation of samples
Five packets of smoked salmon were bought from a commercial market. Muscles in each packet were combined, minced separately in a food processor for I min to prepare 5 samples and analyzed for MA, HHE and CP. In fish meat, a filet of yellowtail (Seriola 
RESULTS
Smoked salmon
Of the five samples tested, MA and CP were detected in all the samples while HHE was limited to only two samples that showed higher MA contents (Table 1) . 
Commercial wood vinegar (WV)
The MA of WV treated samples showed a decrease on day 3 followed by an increase towards day 7. On day 3, MA of the control was not detected due to a technical error. The highest MA was found for the 1.0% sample followed by the 0.5% and the 0.1% samples. On day 7, the control had the highest MA level followed by the 1.0%, the 0.1 % and the 0.5%. However, these changes were not significant ( Table 2 ).
Contrary to that of MA, HHE levels showed an increase on day 3. The 1.0% and 0.5% samples had higher levels while the 0.1% had a lower level compared with that of the control. On day 7, a reduction was observed for the 1.0% and the 0.5% samples while an increase was observed for the 0.1% and the control.
However, the significance of these changes cannot be evaluated due to the lack of required number of replicates. The 0.5%, 0.1 % and control samples showed an increase of CP on day 3 while the 1.0% sample showed a decrease. The CP decreased in all samples on day 7. Moreover, the highest CP level was found for the 0.5% sample and was significantly higher than that of the 1.0%, and than those of the 1.0% and the control, on day 3 and day 7, respectively.
Cherry wood vinegar
An increase of MA was observed for all samples throughout. On day 3, the control had the highest MA level followed by the 0 .5% and the 0.1 % samples. The 1.0% sample had a significantly lower level than that of the rest. On day 7 , MA content of the 0.5% sample i ncreased rapidly and was significantly higher than that of the rest (Table 3 ).
The treated samples had a concentration dependent increase of HHE throughout the storage period , whereas the control had a decrease on day 7 . Furthermore, HHE content of the 1 .0% sample was significantly higher than that of the rest on day 3 while the 1 .0% and the 0.5% samples were found significantly higher than that of the 0.1 % and the control on day 7 .
The CP contents of the treated samples showed an increase on day 3 followed by a decrease.
Whereas, an initial decrease was observed for the control followed by an increase. On day 7, the control had a significantly higher level than that of the 0.1 % and the 1.0% samples.
DISCUSSION
In lipid peroxidation, MA and CP are used as common indices irrespective of the source,19) while HHE is specific for n-3 fatty acids.20) In smoked salmon, the limitation of HHE to samples that had high MA, indicates either resistance of n-3 fatty acids or usage of them as secondary substrate by pro-oxidants under these conditions. Furthermore, a great variation of MA may be due to uneven distribution of smoke constituents.
In WV treated samples, the control had the highest MA on day 7, demonstrating suppression of peroxidation by WV. In contrast, high HHE contents in treated samples indicate an induction of n-3 fatty acid breakdown by WV. Furthermore, high CP for treated samples also indicates WV as a pro-oxidant.
However, the lowest CP content was found for the 1.0% sample. This may be due to the changes, such as pH, that hinder CP formation.
The significantly high levels of HHE and MA on day 7 for higher concentrations of CWV imply it as a pro-oxidant. The variation of CP also points out pro-oxidative activity of CWV on day 3. The reduction of CP on day 7 may be due to the conformational changes of formed CP so that they cannot be detected by DNPH derivative methods.21)
As a whole, the uneven distribution of smoke constituents and extremely high levels of MA and HHE in smoked salmon indicates that LSF is superior to that of smoking.
Furthermore, CWV can be considered as pro-oxidative. However, the role of WV on lipid peroxidation is not clear, as different indices have given different implications.
In both experiments, the indices did not demonstrate a clear relationship with the wood vinegar type or the concentration used. This indicates a complexity of the peroxidative mechanism due to its high dependency on numerous factors.
